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(54) Title: APPARATUS AND METHOD FOR SECONDARY ELECTRON EMISSION MICROSCOPE 

(57) Abstract 

An apparatus and method for inspiecting a .' 
surface of a sample (S), particularly but not lim- 
ited to a semiconductor device, using an electron *' ^ * . 
beiam presented. The technique is called Sec- .., 
ondary Electron Emission Microscopy (SEEM), • 
and has significant advantages over both Scan- 
ning Electron Microscopy (SEM) arid Low En- ■ . , .• " 
ergy Electron Microscopy (LEEM) techniques. In 
particular^ the SEEM techniqvie utilizes a beam 
of relatively high-energy primary electrons (11) 
having a beam width approximate for parallel, 
multi-pixel irnaging. The electron energy is near, 
a charge-stable condition to achieve, faster imag-. 
ing than was previously attainable with SEM, and 
charge neutrality unattainable with LEEM. 
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APPARATUS AND METHOD FOR SECONDARY ELECTRON EMISSION 



MICROSCOPE 



BACKGROUND OF THE INVENTION 

Technical Field 

The present Invention relates generally to an apparatus and a method 
for using electron beams to microscopically Inspect the surface of an object, 
and more particularly to inspect layers in a semiconductor device. 

Discussion of the Prior Art 

A variety of methods Have been used to examine microscopic surface 
structures of semiconductors. These have tmportant applications in the field 
of semiconductor chip fabrication, where microscopic defects at a surface 
layer make the difference betwisen a good or bad chip. Holes or vias in an 
intermediate insulating layer often provide a physical conduit for an 
electrical connection between two outer conducting layers. If one of these 
holes or vias becomes clogged, it will be impossible to establish this electrical 
connection and the whole chip may fail. Examination of the microscopic . 
defects in the surface of the semiconductor layers is necessary to ensure 
quality control of the chipsr 

Electron beams have several advantages over other mechanisms to 
examine samples. Light beams have an inherent resolution limit of about 
100 nm - 200 nm, but electron beams can investigate feature sizes as small 
as a few nanometers. Electron beams are manipulated fairly easily with 
electrostatic and electromagnetic elements, and are certainly to produce and 
manipulate than x-rays. - 

Electron beams In semiconductor defect inspection do not produce as 
many false positives as optical beams. Optical beams are sensitive to 
problems of color noise and grain structures whereas electron beams are 
not. Oxide trenches and polysilicon lines are especially prone to false 
positives with optical beams due to grain structure. 

A variety of approaches involving electron beams have been utilized for 

examining surface structure, in low- voltage scanning electron microscopy 

1. 
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(SEM), a nauTow feea^ piimaiy electrbhs is raster-seajiried across the 
surface of sample. : Priinfiuy electrons in the scanning beam cause the 
sample surface to emit secondary electrons. Because the primary electrons 
in the beam of scaiiriirig: felectrori micros^^ are near a particular known 
5 electron energy (called 'E^'j^ there is no corresponding charge build-tip 

problem in SEM, and the surface of th^ sample remains neutral. However, 
raster iscannlng a surface with scanning electron microscopy is slow because 
each pixel ori the surface is collected sequentially. Mbrebver. a complex and 
expensive electron beam steering system is h^^ beam 
10 pattern. - 

Another apprpach is caUed Ph (PEM 
or PEEM), in which iphotoias a^^ of a sample to be 

studied, arid by the ph^ 

surface. On an, insi^ enifesion of these eleetroris, however, 

15 produces a net positive charge oh the sample surface since the^ is a net flixx 
of electrons from the isurface. : llie isaiiiple cbiitihuek to charge positively 
xxhtil there are no emitted electrons , or electricsd breakdown occurs . This 
charge build-up problem limits the utility of PEEM for imaging insulators. 
Another method of examining surfaces \^ 

20 . as Low Energy Electron Micros copy (LEEM) . iri which a relatively wide beam 
of low-energy electrons is directed to be tnbiderit upon the stirface of the 
sample, and electrons reflected from the sample are detected. However, 
LEEM suffers from a similar charge buildi-up problem islnce electrons are 
directed at the sample surface^ biit not all of the electrons are energetic 

25 enough to leave tihie surface. In LEEM. negatively-charged electrons 

accumulate on the surface, which repels further electrons fr-bm striking the 
sample, resulting in distortions and shadowing of the surface. 

Several prior art publications have discussed a variety of approaches 
using electron beams in microscopy, but none have determined how to do so 

30 with parallel imaging at the same time the charge build-up problem is 

eliminated. One of these approaches is described by Lee H. Veneklasen in 
•*The Continuing Development of Low-Energy Electron Microscopy for 
Characterizing Surfaces," Review of Scientific Instruments . 63(12), December 
1992, pages 5513 to 5532. Veneklasen notes generally that the LEEM 
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electron potential difference between tliie source and sample can be adjusted 
between zero and a few keV. but he does not recognize the chairging problem 
or propose a solution to it. Habliston et al., in "Photoelectron Imaging of 
Cells: Photoconductivity Extends the Range of Applicability," Biophysical 
5 Journal . Volume 69, October 1995. pages 1615 to 1624, describe a method 
of reducing sample charging in photoelectron imaging with ultraviolet light. 
Thus, there remains a need for a method utilizing electrons beams to 
investigate saihple stirfaces that eliminates the charge build-up problem and 
increases the speed: of examining large sample surfaces. 

•-lo: . . , /:\v..\^^;... ; / .-.-v;-. * .. 

SUMMARY OF THE INVENTION 
The present invention provides an improved apparatus an^^ 
called Secondary Electron Emission Microscopy (SEEM), for using electron 
beams to Inspect samples with electron beam microscopy. The apparatus 
1 5 images a large number of pixels in jparallel on a detector array, and thereby 
has the properties of being faster and lower i^ 

Scaiming Electron Microscppeis. Electron beam scanning S3rstems are riot 
required, and the electron bearn ciirrent densities are not as high iso that the 
probability of daraaging sensitive sample3 is;; lessened. 

20 The method of fee myention com providing a sample of a 

material having a chgtracteristlc eriergy value; dii-ecting an electron beam 
having a width appropriate for parallel multi-pixel imaging to be Incident on 
the sample; and maintaining a stable electrostatic charge balance of the 
sample. (A 'pixel,' or picture element, is defined by the projected size of the 

25 image on an element of an electron detector.) One application of SEEM is 
the detection pf defects in the manufacture of semiconductor devices. 
Another is for investigating Qther materials. Including biological samples and 

tissues. . ■ -• ; ^Z'.. - v -v^.' ■;■ v:; * 

The present Inyentlon overcomes many of the probliems associated 
30 with prior art approaches to using electron beams for investigating sample 
surface structures by combining certaitn features of the LEEM and SEM 
techniques. Compared to the conventional Scannin . 
method of raster scanning an object, the invention utilizes a relatively wide 
beam of electrons to parallel-image the object. Essentially, a relatively wide 
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beam of primaiy electf qns is lised as iii LEEM. Ibut tHe energies of these 
electrons are charactieilstic of thb used In SEM: By bperatirig the primary 
electron beam near energy Ei^ at a stable pbirit oii the yield curve oif the 
sample material^ the presbnt invention realii of 
5 eyminat^iig the problem of charge build up oii the sainpfe as30ciated 
with LEEM. The charge builtf-up^^^ oh the siijfabd bif t^^^ is controlled by 

' direcling the electron besdri bhtb the object surf^ at aii electron energy 
vcrhere thfe number of fernltted sec^ tiie number of 

; iiixddent primaiy JyV 

10 SEEM is much faster than S 

narrow beaiii aGross:^^ directs a relatively wide beam of 

electrpris at; the su^ to piit this in nt^ t±Le spot size 

of the Scaniilhg b i^ typically ' 

^ ; about 5 nanoniete^^ 

15 The spot size' of the incident bbairi in Secoriidar^r Electtori E^iiiission 
Microscopy (SEEM) is abpi^t one mUU^ teh mil^ 

to IQiclO'^ metersjv^^ T^ 

thdusarid to one mmibn times larger tlian^^^^m Accordiiigiy, SEEM is 

able to look at a! larger suiiace niore tapidly thSh possible In SEM. 

20 The primary electron energies in SE£M are close to th E^ point used 

in SEM. i.e. about 1-2 keV (one thousand electron volts): In LEEM, the 
primary electron energies are tn the range of 0-100 eV below the E, point for 
the material. Thus, the surface charges negatively ; 

The compairative speed advantage in SEEM, i.^^^ m^Lximtmi pixel 

25 rate, is limited mainly by the 'dwell time' and the 'ciiitent density.' The 
r|pajilmiim dweU tl^ that a beam must spend looking at a given image is 
determined by the acceptablfe Signsd-tb-Noise ratio of the image. The 
rnaidmum cim-ent density is determined by such practical considerations as 
available gun brightness and possible sample damage. Because the focused 

30 beam of primaiy electrons in SEM must scan the beam across the entire 
surface to be inspected, the maximiam practical pixel rate in Scanning 
Electron Microscopy is less than or equal to 100 million pixels/second 
(lOOMHz). In Secondary Electron Emission Microscopy (SEEM), a large two- 
dimensional area of the sample is imaged in parallel without the need for 

4 
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scanning. The maximiim pixel rate in SEEM is greater than 800 million 
pixels/second (800 MHz). The dwell time of the beam in SEEM may 
correspondingly be much longer than in SEM. and this permits a much 
lower current density while still maintaining a high Signal-to-Noise ratio. 
5 Thus, SEEM has the capability of investigating more sensitive siample 

surface structures while requiring lower brightness electron beam sources. 



5 
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BRIEF DESCRIPTION OF THE DRAWINGS " 
Figure 1 illustrates the basic confi^ufatibii of tlie SEJEM apparatus of 
■• -the present mv6ntiohV/ " '^^y '-' ■. 

Figure 2 is a graph of tJie^r^^ 
5 yield ratio kdd the piim 
Figure 3 lis a bh^^^^ 
prior art electron beain^ inspecju^ 

Figijres 4 iUuslrates the imaging method of ^ 

Figure 5 illustrates the imaging method of SEEM for comparison with 
10 Figui^e 4; /■:/■■',/ ':'y:y C'-' 

Figtirb 6(a) show;s how 
bbstriietlbn) in 

Figure 6(b) shows how the eilectroh beaiii of SEEM inspects metkl lines 
•'cohrie'ctog''^^as; arid^^^ .' • '[ ' "■' 

15 Figure 7 shows how the electron beam of S^iEiM iis used to study 

biological samples- 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
Figure 1 shows the basic configuration for the Secondary Electron 
Emission Microscopy (SEEM) apparatus of the present invention. An 
electron gun source 10 emits a beam 11 of primary electrons e, along path 
5 12. The electron beam 11 is coUimated by electron lens 13 and continues 
along path 12. Magnetic beam separator 14 then bends the coUimated 
electron beam 1 1 to be incident along electron optical axis OA normal to the 
suiface to be inspected. Objective electron lens 15 focuses the primary 
electrons, e,, into a beam having a spot size in the range 1-10 mm and an 

10 Incident energy on the order of I keV on s£^ 

Primary electrons e^ incident on the sample S produce secondary 
electrons e^ which travel back along the axis OA perpenc^^ the 
inspection surface to objectiye electron lens 15, where they are recolhmated. 
Magnetic beam separator 14 bends the electrons to travel along image path 

15 16. The electron be;am along image pa.th 16 13 focused by projection electron 
lens 17 to image plane 18. where which is a 

capa^era or preferably a time delay integrating (TDI) electron detector. The 
operation of an analogous TDI opticai^ d is disclosed in U.S. Patent No. 

4.877,326 to Chjodiv^ which is incorporated herein by reference, The 

20 image tnfoirnation may he processed directly frprri a 'back thJn^lt)I electron 
detector 19, or the electron beam may b6 converted into a light beam arid 
detected with an optional optical system 20 and a TDI optical detector. 

While the size of the electron beaiii spot on the sample S is preferably 
about one to two millimeters, it is more genera^^^ in the range of 0. 1 to 100 

25 millimeters. The size of this be?ttn at the^^^^^^ is 

optionally variable with a zoom imaging System to control the resolution and 
rate of acquiring the image. In any event, to eliminate edge effects, the beam 
width shotdd be larger tlian, and preferably at least twice the characteristic 
dimension of/ the detector at the image plane. 

30 Figure 2 is a graph showing the charge ratio versus primary electron 

energy characteristic of electron beam inspection techniques such as LEEM, 
^SEM and SEEM. Yield ratio r| is defined as the number of electrons emitted 
by the surface, e^, divided by the number of electrons incident on the 
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surface, e, . Yield ratio t] thus dfete on the 

starface being inspected since ttiere will be a net chWge biiild-up whenever ti 
dbes not equal ijnl1y: -X j^eld ratio of greater tl^^ more 
electrpris are be^^ eriiitted thaii %e incident^ 
charge at tJie suirifae^^ 

tiia:t more elepti^^ on the siai^ace emitted, 

\-reisultuig;to 

•■ \ Yield curv^ G indicates 
function that defines the yield ratio at various incident electron energies, E, 
for a typical sample substance. As shown in Figure 2, line L is the line of 
charge balance; = 1, and there are only three points oh yield cii^ whete 
charge baiimce te are Eo = O. E,, 

and E^, (Energy Eo = 6 is uninteresting for pr^^ 

i^re^^nls a In 

fej^ori I< betwee^ iliie L aiiid yield ci^ of negative 

: charge since is greater tliah e^ . in region II, between line L and 3rield curve 

C, there is an excess of positive charge since e, is greater tiian e^, i.e. more 
! secondary electrons are emitted than primary electrons are incident. In 

region III, between line L and curve C, the charge build-up again becomes 

negative. 

One can see from Figure 2 that on yield curve C there are only two 
significant points, E, and Ej, where there exists a charge balance. The 
problem is that only point E^ is actually stable. Thatis, if the energy, E, of 
the primary electrons iiicident oh th6 sample surface varies in either 
direction from E, by a' small amoiiht, say, AE,, the charge balance is quickly 
lost. Charge balance rj becoiilfes increasingly negative or increasingly 
positive depending upon whether E, was approached from the +AE, or -AE, 
direction. Point E, is unstable because the slope of curve C is positive at this 
point. However, point E^is stable because the slope is negative there. Any 
variation in incident electron energy from E^ in the direction of either +AE2or 
-AEj tends to return the beam energy to point E^. The values of E, and E^ 
have been experimentally determined for a variety of substances, such as 
silicon dioxide, aluminum, and pblysiiicon. While each substance has its 

8 
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own characteristic yield curve C. the general shape of these yield curves is as 
shown. 

Figure 2 illustrates graphically the problem with past techniques of 
electron beam inspection, and shows why the present SEEM technique 
provides imexpected advantages. Low Energy Electron Microscopy (LEEM) 
generally operated below E,, with electron energies of 100 eV or less. Since 
point E, is unstable. LEEM suffered from the problem of charge biiild-up. 
Scanning Electron Microscopy (SEM) operated just below E2. with electron 
energies in the range of 1-2 keV. Because point E^ is stable, theire was no 
problem vrith charge build-up in SEM, but SEM is slow precisely because it 
requires scanning. Prior to the present invention, it is believed that none 
had thought to drive the relatively v^ide beam of the LEEM parallel imaging 
system at energy E2. as is recognized by the SEEM technique of the 
invention. The SEEM te the first 

recpg^riitlori of the adva^ the parallel Imaging of LEEM 

with the charge balance of SEM; ^^^^^^^;^ v s :v ; 

it is impi^ortaiit to note that for puiposes of Flgiire 2 the primaiy 
electron energy is to be measured: at the surfa piF the sample S. The energy 
of the el^ct^ons focused by objective electrori lens 15 is generally different 
thaii the energy of the electrons at the samp»le S, ca^^ the landing energy, 
and this landing energy is often not easy to predict. The landing energy may 
depend on factors such as the current density of the beam, the material of 
IJie siample and the electric field at the s 

The landing energy of the prirnary electrons is chosen as 
approxima.tely Eg, but geiieraU E^ on yield curve C. Figure 

2 shows that yield C has a relative maximum in region II at point M, 

Genersdly, one; chopses a laiijdmg energy for the electrons between point M 
and the E^ value on yie:ld curve C. In the case where the sample S includes a 
plurality of materials , the E^ value and yield curve C are different for each of 
the materials. When there are a plurality of rnaterials in sample S, one 
chooses a landing energy below the Ej values of each of the plurality of 
materials so that the landing energy is not in the more charging regions III 
for any of the materials. 

9 



wo 99/23684 



PC:T/US98/22706 



Figure 3 is ia chart summ ; 
advantages of, the four PEEM, LEEM, SEM aind SEEM techiuques. PEEM 
uses photons Instead of primary electrons to produce e 
electrons ; PEEM suffers from the problem- of positive charge biilld-up on 
insulating sample target tndLterials'because secoridaiy elecli^^ are being 
knocked off the sample siirfaice by no negatively charged 
particles replace these secondary eiectro beam of 

PEEM can be wider and parallel irnagii^ • 

In ix)w Energy 

electrons is projected ait thi^ ins^^ be 
achfeyed. Theses primaiy blect^^ 

imd^g^meth iriwlve^ refle <^feetfonS the 

surfaice. Becaiise only low energ;^^ so^e iiic^^^ electrons 

arie: reflected but ie^ ^mltted^ >^ Iptv^ energy 

implies a negative 

su^cientty energetic to escape the sam 

In Scanning Electron Microscopy (S^ slow raster 

scanning imaging must be utilized because the electron beam is focused to a 
narrow spot size. SEM, however, produces energetic pirima^ source 
electrons incident at energy E2, which is a stable point bn ciuve, so 

that Charge-neutral operation is attaihed- Energetic pHmadry electrons 
produce secondaiy electrons in SEIM;? 

In the Secondary Electron Emission Microscopy of 
the present invention, a beam eriergcti6 primaiy tel^^ is directed at 

the sample surface with an energy Ej. ^ecaiise a relatively Wide beam of 
primary electrons is introduced, parallel tmagtng becomes possible, which is 
significantly faster than SEM inikging • Morebvef ; sihce thes6 primary 
electrons are incident with an energy E^, the sample remains charge neutral. 
SEEM thus combines the most favorable attributes 6f LEElN^ a^ 

Figures 4 and 5 compariatively illustrate the respective imaging 
methpds of Scanning Electrori Microscopy arid Secdndaiy Eleictron Emission 
Microscopy. In Figure 4, a Scanning Electrbn Microscope produces a beam 
41 of electrons and directs them at the surface of sample 42 having a 
characteristic dimension D. Beam 41 has a width "w," which is in the range 
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of 5 to 100 nanometers (50-1000 Angstroms). . This beam 41 is raster- 
scaimed in ja pattern represented by path 43 across the surface of sample 
42. (The nimiber of scan lines is greatly reduced for purposes of 
illustration.) In order to control the beam 41 so that it travels along raster 
path 43, it is preferred for the inspection system to include an electron beam 
steering apparatus for electromagnetically deflecting the electron beam 41. 

Figiire 5 shows parallel imaging in the Secondary Electron Eniission 
Microscopy inspection technique of the present invention. Beam 54 is*^ 
produced from an electrorl gun source, iand beam 54 has a width 'W," 
typically about one to two millimeters, at the surface of sample 55 . Sample 
55 lias the characteristic dunension D, which is much greater than the width 
W of the electron beam. In SEEM, the width of the electron beam 54 is 
much larger than in SEM, but it may still be possibly necessary to move the 
sample 55 with respect to the beam to scan the sample 55. However. In the 
preferred embodim^Bnt, SEEM requires only mechanical movement of the 
stage of the sample 55 with r<5spe^^^ not an electron beam 

deflection system f^^^ beam 41. The SEEM 

inspection system of tlie present invention operate much faster than the 
SEM inspectibn system because SEEM im thousands or millions of 
plxels;:iii.pa^afleL ■ r y::^ --y^ \ry\i::.::' 

Figiire S forttier show^ the imaging portion of the 

beam 54 on the Sample 55 to illustrate the parallel, raulti-ptxel imaging 
region 56 within beam 54. A rectangular detector array region 56 occupies a 
central portion of the beam 54 and defines the imaging aperture. (The 
detector array is either of the time delay integrating (TDI) or non-integrating 
type.) The detector airay 56 images between about 500 thousand and one 
million pixels in pafalleL 

SEEM is therefore 500 thousand to one mlliiori times faster than SEM 
due to the nimiber of pixels in tiie detector array. If SEEM spends one 
millisecond looking at a pixel, SEM can only take one or two nanoseconds for 
that pixel to capture the same data frame at 100 MHz. Accordingly, the 
current density at the sample siurface iii SEEM is 10^ (i.e. one million) times 
smaller than m SEM, which results in less damage to the sample. If, say, 
that 10,000 electrons per pixel are required for a good image, SEM must 

11 
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pour a larger number of electrons per unit time onto the pixel spot. In 
SEEM, the same number of electrons are spread out over a longer time 
because one milUbn pixels aire imaged siin 

It further foUows that SEEM has better no 
5 than SEM, At 100 MHz, SEM samples each pixel for onei^^^^ 
SEEM spends one mimsecond loo^ 

averages put noise above one kHz, while SEM can only ^^^^ out noise 
above 100 MHz.. lii defect detection apjpIicitibM this impifes false 
posMlves and aj bett^ 

10 • V SEEM obtajms additi control by flooding the 

sample 55 with beam; 54, but imaLging ordy the central portion of the beam 
54 to eliminate edge effects . Ordinarily/ rion-uniforimties i^ charge on the 
imaging surfabe lead to imaging distortions by deflecting the beam. The 
sample surfaces at the edge of the beam 54 have i^ss linifpm 

15 distributions than the surfaces at tHe interior portion of the beam because 
there is no electron flux outside the circiimference of the beam diameter. 
There are furt^ of the residual chairging in areas the 

beam, has already scanned. By flooding an area 54 larger than the imaging 
area of the detector array region 56^ these imaging distortions are avoided. 

20 In SEM, edge effects cannot be eltmrnated by this method because the beam 
disuiieter is too small for further aperturing. Techniques for reducing the 
effect of surface charge accumulation are taught in U.S. Patent No. 
5,302, 828 to Monahan, which is hereby incorporated by reference. 

The present invention optionally may include additional means for 

25 maintaining the charge balance at the sample. Whfle the electron beam 

energy is generally chosen to approximately maintain this charge balance, in 
actual practice solely controlling the electron beam energy niay not be 
sufficient. One possibility is to apply a supplemental electric field by 
attaching electrodes to the sample. A variable voltage control feeds current 

30 to the electrodes thereby supplying an additional degree of freedom towards 

charge balance stability. Another possibility is to introduce a low pressure 

gas, such as argon, into the vacuum chamber which contains the sample to 

control the charge balance. The low pressure gas may act to prevent the 

acciomulation of excess charge on the sample. While the above techniques 

12 
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are exemplary of additional control means for maintaining the charge 
stability of the sample, they are by no means all-inclusive, and other such 
techniques may exist or be subsequently discovered to regulate charge 
control. 

5 Any of these additional charge control means optionally may be 

utilized with the flooding method of Moncihan, suprcL The use of an electron 
beam of a particular energy with respect with the value of the material 
acts as a first order approximation to maintaining a stable charge balance. 
The us|e of additional charge control means such as flooding, electrodes, 
10 and/or low pressure gas acts a seconci order approximation to maintaining 
this charge balance. The combination of these first and second order charge 
control means may optionally be required for a practical charge control 
; apparatus. 

It is useful to compare the 1^ imposed by the maximum scan 

15 rate in SEEM and SEM. To summarize the advantages of SEEM over SEM: 

( 1) Loyi^er Noise. A longer Iniag? iiitegratipn time is obtained for a given 
sample su-ea. Averaging w 

(2) I^ss Imajge. Distortion. ^ 

tlian is imaged, a more untfprm charge d^^ for the 

20 Imaged area, and:edge effect distortion ; / 

(3) Lower Current Perisities. 1^ densities, made possible 
by parallel imaging and greater dwell times, imply that there is. a reduced 
probability of damage to the sarnple. 

(4) Faster. Parallel imaging means that many pixels (e.g. one million) 
25 are imaged at the same time in SEEM. Only one pixel is iriiaged at one tune 

in;SEM. . . .-^ ^.^ * 

(5) No High Speed Scanning Electronics. These scanning systems are 
complex and expensive, but are npt requiredi in SEEM because of faster 
parallel imaging, .... 

30 Figure 6(a) illustrates how an electron beam of the present invention 

detects defects in a via between the layers of a semiconductor device. An 
intermediate stage of fabrication of semiconductor device 60 is shown. In 
this example, semiconductor device 60 consists of a substrate 61, a metal 

layer 62 deposited on substrate 61, and an insulating layer 63 formed over 

13 
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metsd layer 62: Vias or holes 64, 65 are showri extending tlirdugh Insulating 
layer 63 to metal layer 62. At a subsequent^tage of fabricatioiiV a second 
metal layer 66 lis fprmed over insiiiating layer 63, arid vias 64. 65 are filled 
with ah electrically conductive material to form electrical cohnedtions 
5 between inetal layers 62 and 66^1^^^^ of fabrication, 

however, metal layer 66 has hot yet been depo^^ so it is only shown in 
dotted lines. GeneraUy speaking, yl^ formed by etching 

insulating layer 63: Via 64. h£)wrev^r. iW h Showri to be clogged while via 
; 65 is clear. 

10 or It rnay be clogged beca^ In . 

- eithd: eveh^^ 

/; -perfect vik^':^■/'"V^^^ -C' '^^ '^^'J-- •}- -^;v. 

Figure 6(a) further shows a bea^^ 

riormal to the surf^ layer 63. 

15 Because liayer 63 is an insulating m riioiDility ori layer 63 is 

liinited. iri^ulatihg layer 63 therefore has a teridency to collect charge on its 

surface, a^ 

prior art inspection techniques such as LEEM. However, in the Secondary 
Electron Emission Microscopy (SEEM) technique of the preserit invention, 

20 the energy of the elebtroris in beam 67 is choseri to be sufficieritly near the E2 
vadue of the riiaterial of insulating layer 63: thri^, upion illumination by 
primary electron beam 67, a secoridary electrori beam 68 is produced by 
insulating material 63 with mtniimal btiU of charge on surface 63 of the 
material: Secondiairy electron beaiih 68 is eiriitted in a directiori nonrial to the 

25 surface bf irisulatkig layer 63, arici In a ierise oppb^^ electron 
beam 67. Secpndaiy electron beam 68 contains informatibri about the 
defective arid perfect viis 64, iB5. and this-f^ passes back through 

the optical system, is detected and subsequently processed to enable the 
operator to determine whether the semiconductor device 60 is defective. 

30 Figure 6(b) shows electron beam tnspectibn of the semiconductor 

device 60 of Figure 6(a) at a subsequent stage of construction. Metal lines 
66a and 66b extend in a direction perpendiculai: to the page to connect 
metal layer 62 through vias 64. 65, thereby providing electrical contact 
between lines 66a. 66b and layer 62. Primary electron beam 67 is incident 
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on semiconductor device 60, and particularly on metal lines 66a, 66b and 
insulating layer 63. Inspective imaging of the surface of metal lines 66a. 66b 
and insulating layer 63 is achieved with the charge dliferentlal information 
encoded on secondary electron beam 68. 

Process control monitoring for the semiconductor industry is thereby 
improved with electron beam inspection of the present. Invention as 
compared with optical beam Inspection by reducing or eliminating false 
positives due to grain structures and color noise. Once a defect has been 
identified, it may be repaired with a procedure such as focused ion beam 
Implantation If the defect is critical. 

More generally^ the secondary electron emission microscope of the 
present invention is used to inspect defects in any semiconductor device, 
thin fikn magnetic head, reticle for semicdhductor fabrication or flat panel 
(e.g., liquid crystal or field effect) display: Insulating, semiconducting; or 
conducting ihaterlals, or even sujDerconductors and plasmas, are capable of 
being imaged with SEEM. A typical semiconductor fabrication process 
involves ultraviolet reduction projecti^ of a reticle pattern produced for a 
wafer design, followed by chemical etchinjg for each of the device layers: 
Alternatively, semiconductor devices are patterned with ion beams or 
etching, or by other CMP processing. Process inspection and inonitoring of 
the intermediate and final products is then performed with the method of the 
present invention. 

FigTore 7 illustrates how the Secondary Electron Emission Microscope 
(SEEM) of the present invention is applied to studjong a biological sample 70 
on a stage carrier 77. Biological sample 70 has various featiires 71, 72, 73. 
and 74. For exaniple. sample 70 may be a cell including la cell wall,71. a cell 
nucleus 72, protoplasm 73 and mitochondrion 74. Or, sample 70 may be 
himian tissue including muscle 71. bone 72, fluid 73 and malignant cells 74. 
A beam 75 of primaiy electrons is incident normally on sample 70. Beam 75 
has, a landing energy just below the mean E^ values characteristic of the 
materials of cell 70 in order to prevent charge build-up on cell 70. A beam 
76 of secondary electrons is produced upon illumination of cell 70 with beam 
75. and beam 76 passes normally back through the electron optical system. 

15 
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InfoimaUoii abou^^ beam 76; and is dfetected and 

processed to Obtain in^^ / • 

the present iriven^^ above in general 

terms; it is to be understood ihait't^ present 

invention could be adapted to a van It is 

intended that the preisent mveritibn c adaptattoris, alterations, 
modifications and other applications as fall within the scope of the following 
claims. 
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We claim: 

1. A method for using electron beams to inspect objects, comprising: 

providing a sample of a material having a characteristic energy value; 
directing an electron beam having a width appropriate for parallel 

multi-pixel imaging to be incident on said sample; and 

maintaining a stable electrostatic charge balance of said sample. 

2 The method of claim 1 . wherein: 

said directing step uses said electron beam having an energy less than 
or approximately equal to the characteristic energy value of said material. 

3. The method of claim 2, wherein: 

said directing step uses said electron beam with an energy greater 
than the maximum point of a yield cii^ 

4. The raethbd of claim 1, wherein: ^^^^y 

said sample comprises two or more materials, and said beam has an 
energy near the characteristic energy value of said sample.. 

5. The method of claim 1 , said directing step further comprising: 

• coUimating said electron beam and focusing said electron beam at said 
sample. 

6. The method of claim 1 further comprising: 

detecting an image pattern of a secondary electron beam from said 
sample at £in image plane. 

7. The method of claim 6, said directing step further comprising: 
collimating and focusing said secondiary electron beam at said image 

plane. 
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8. The method of claim 6, wherein: 

said step of directing tacludes directly pnihaiy electrons at said 
"sample;. . said;'" ^ ' 

said step of detecting includes detectirig secondary electrons produced 
5 by said: saiinpie; 

9. The method of claim 1, wherein said saiiiple comprises an insulating 
. .material.;' ;'"*'"^''' ' ' J -/■■•■^ v' ; 

10 lOV The ihetlibd of cji^^ 
semiconducting miate^ 

1 1 ; The misthbd of daim wherein sgdd sample cdmjprises a conducting 
material.-'^'' . ' " ■ • " 

15. ■■ i ' / - ' ■ :". 

12. The method of claim 1 . wherein: 

said sample comprises a semiconductor wafer that is process 
• monitored/ ■■ . - • . 

20 13. The method of cl^^ 

said sample coinprises a thin film magnetic tnaterial that is process 
monitored. 

14. The method of claim 1 /Whereto^ 

25 said sainple comprises a reticle that is process nionitored. 

15. The method of claim 1, wherein: 

said sample comprises a flat panel display that is process monitored. 

30 16. The method of claim 1, wherein said sample comprises a biological 
material. 
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17. The method of claim 1, wherein: 

said electron beam has an energy in the range of one to two keV 
measured at a surface of said saraple. 

5 18. The method of claim 1, wherein said beam width is larger than a 
projected size of a detector. 

19. The method of claim. 1, wherein: ; 
said beam width Is m the rs^ 

10^ ■• .' ; V:;-'-^ ^ :.; .<^^ ^ r 

20. The method of claim 1 further comprising: 

varying the magriifica:tiori of a S9iiiple Irnage to chaiige the resolution 
and rate of acqixlring said ima^ 

15 21. The method of ciaim 1 further comprism 

providing additional jCOT to maintain s^^^^^^^ electrostatic charge 

balance., ; ; ..\v:j ^. ^-^S^r:;^'^ . > - i^;- 'y-:/^- ; i^x. \->. •• 

22. The method of claim 1 wh^ 

20 said electrostatic charge balance is maintained by maldng said 

characteristic energy value pfsaid material equal to an electron beam energy 
of said electron beam.. .. ^; y-';r\ v;;.-'-.--".- 

23. The raethod of claim LiA^e^ 

25 said electrostatic ch is maintained by making said 

characteristic energy value of said raaterlal equal to an electron beam energy 
of said electron beam with additional charge control means. 
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24, Ail apparatus for using electron beams to ixispect objects, comprising: 
a sample of a ^fiiaterfgd having a characteiiistiG en6r and 

a source of an electron l^e^un ha^ tvidtli appropriate for parallel 
miilti-pixel imaging directed on s^ - 

■ > : wherein a stable felectxostatie charge bilismce' of ^^^^ 
maintained/'*. . ; ' * : - " 

25, The apparatus of claim 24^; 

said; eleetrop beaih appiro?^^ equal to 

fee characteristic energy 

. 26.. . /Oher^aip^ 

said energy is greater than the niaxiiii point of a yield curve for said 
material. 

27., 

said saraple comprises two or more rnaterials. and said beam has an 
energy near the chara.cteristic energy value of said sample. ; 

28. . The apparatus of claim 24v fi^^ 

an electron collimatirig lens for collim^^ 
electron focusing lens for focusing said electron beam. 

29. The apparatus claim 24v further comprising: 

an electron detector for detecting an image pattern of said electron 
beam at an Image plane. 

30. The apparatus of claim 24. further comprising: 

an electron coUimating lens for coUimating, and an electron focusing 
lens for focusing, said electron beam at said itrtage plane. 
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31. The apparatus of claim 24, wherein: 

primary electrons are directed at said sample; and 

secondary electrons are produced by said sample and detected. 

5 32. The apparatus of claim 24, wherein said sample comprises an 
insulating material, 

33. The apparatus of claim 24, wherein said sample comprises a 
semiconducting material. 

• 10 ; . • . ' •/ 

34. The apparatus of claim 24, wherein said sample comprises a 
conducting material. ; 

35. The apparatus of claim 24, wherein: 

15 said sample comprises a semiconductor wafer that is process 

monitored.- \ . _y - " i = ' • 

36. The.apparatus of claim 24, v^^ said sample comprises a thin film 
magiietic material that is process monitored. 

20 

37. The apparatus of claim 24, wherein said Scimple comprises a reticle 
that is process monitored. 

38. The apparatus of claim 24, wherein said sample comprises a flat panel 
25 display that is process monitored. 

.39. The apparatus of claim 24, wherein said sample cpmprises a 
biological material. 

30 40. The apparatus of claim 24, wherein: 

said electron beam has an energy in the range of one to two keV. 
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41. The apparatus of elaim 24, wherein: 

said beani width is greater Uiah a i)rbjected size of a detector. 

42. The lapparsLtus of clsdm 
5 said beam width is in th^ 

43. The apparatus of claim 24, ft 

additic^ ■ 

10 44. The apparatus of claim 24 wherein: 

said electrostatic charge balaijefe is mad 
characteristic energy val^ ecjiial to &n Electron bes^ 

pf sjEdd electron b^aiii: \^ 

15 45. Tlie; apparat^ 

said electrostatic charge balance is maintalaed by making said 
characteristic energy value of said material eqiial to an electron beam energy 
of said electron beam with add^ 
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46. An apparatus for using electron beams to inspect objects, comprising: 
. a sample of a material having a characteristic energy value; 
a primary electron beam having a width appropriate for parallel multi- 
pixel imaging incident on said sample; 
5 an electron collimating lens for collimating said primary electron 

beam;. 

an electroii objective lens for focusing said coUimated beam at sadd 
sample and for collimating electrons produced by said sampile Into a 
secondary electron beam; 
10 an electron focusing lens for focusing said collimated secondary 

electron beam at an image plane; 

an electron detector for detecting an image pattern of said focused 
secondary electron beam at said i^ 

an electron beam separator for redirecting said primary electron beam 
15 towards said electron objective lens and said secondary electron beam 
towards said electron focusing leins; ; ; ■ , v 
^ wheireln a stable electrostatic charge balance is maintained, at said 
■ .. sainple.. ' 
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47. An apparatus for InspeGting objects with eliectxon bieams, comprising: 
a sample o^f a mat^ 

electron beam source means for producing a piiinaiy electron beam 
having a width appropriate for jparallel multi-plxei irii^g^ on said 

satnple; ■> • :l^"*^-v V:^-:/- '-. i : =;^/\:- ;^'v-^r--^ ^ 

electron coUimating lens rateans for coUttnating said 6leetr6n beam; 

felfectrpri objective Ito 
beam at said sample arid for colliihating elebtr^ sample 
into a secondary electron beam; - 

electron detector meari for deteetiiig aii Imkge Jiattern of said 
secondary electron beam at an image plane; 

jeiectr-onrp^^ electron 
beam on said electroini detects 

electron be^m s^^^ mekris for redirecting said primary electron 

beam towards said eiectrbh qbj etilve Ifehs iarid rediirectirig ^aicl secondary 
electron beam towards said electron proj ectibii lens nieans ; 

: wherein a stab^ talimce d^^ is 

maintained. : , 

48. An apparatus for using electron beams to inspect objects, comprising: 
sample means of a material having a characteristic energy value; 
electron beam means for directing an electron beam having a width 

appropriiate for parallel multi-pixel linagiiig to be incident on said sample; 
and 

means for maintaining a stable electrostatic charge balance of said 
sample. 

49. The appairatus of claim 48, wherein; 

said electron beam has an energy less than or approximately . equal to 
the characteristic energy value of said materisJ. 
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50; The apparatus of claim 49, wherein: 

said energy is greater than the maximum point of a yield curve for said 
material. 

51. The apparatus of claim 48, wherein: 

said sample means comprises at least two materials, and said beam 
has an energy near the characteristic energy value of said sample means, 

52. The apparatus of claim 48/ f^ 

■ electron collimatlng lens means^^ f^ 
and • _ 

electron focusing lens means for focusing said electron beam, 

53. The apparatais claim 48, further comprising: 

electxoii detector means for detecU^ an image pattern of said electron 
beam at an Im^e plane:. ^ 

54. The feippiu"atuis of clai^ : V 

electron pplltoa^ lens means for coUimating^ said electron beam and 
an electron focusing lens means for focusing said collimated electron beam 
at said image plane. ' : 

55. The apparatus of claim 48, wherein: 

primary electrons are^j^ at said sample means; and 
secondary electrons are produced by isaid sample means and are 
'detected. . 

56. The apparatus of claim 48, wherein said saiaple means comprises an 
Insulating material. 

57. The apparatus of claim 48, wherein said sample means comprises a 
semiconducting materisd. 

25 
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58. The apparatus of claiin 48, wherein said saniple means comprises a 
conducting material, ^; > " ^ 

59, The apparatliis of cladm 48^ wherein said sample m6aii3 dompiises a 
seiriiconductor wafer that 

60; The apparatus of claim 48, wherein said sample m comprises a 
thin film magnetic ma^ 

61. The apparatus ot claim 48^ \vherein sample m comprises a i 
•■reticle toat\iis:proc^ 

62. : TTie ap^^ comprises a 
flat panel display that is process mqrdtored, - 

63. . The ap^^ clWitn 48^ wherein said sample niesm comprises a 
biological materi -r' ' ■ -'^y^'V: , -y^^^ 

64. The apparatuis of claim 48- MiCTet^^^ ^^^^^^ ^^^^^^ ; . 
s^d electron beam ^h^ 

65. The apparatus of claim 48, wherein: 

said beam width is greater than a projected size of a detector. 

66v ^ The apparatus of claim 4i8, wherein: : A 

said beain width is in the range of 6.1 to lOb millimeters. 

67. The apparatus of claim 48, further comprising: 

control rneans for additionally marritainihg said charge balance. 

68. The apparatus of claim 48 wherein: 

said meanis for maintaining said electrostatic charge balance is 
achieved by making said characteristic energy value of said material equal to 
an electron beam energy of said electron bieam. 
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69. The apparatus of claim 48 wherein: 

said means for maintaining said electrostatic charge balance is 
achieved by making said characteristic energy value of said materiad equal to 
an electron beam energy of said electron beam with iaddltional charge control 
means. 
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Figure 5 



5/8 



wo 99/23684 



PCTAJS98/22706 




wo 99/23684 



PCTAJS98/22706 




wo 99/23684 



PCT/US98/22706 




INTEkNATIONAI' ISEARCH REPORT 



. International applicatioh No. 
PCT/US98/22706 



A. CIJWSSIiaCATION OF SUBJECT MATTER 

IPC(6) :H01J37/26 

USCL : 25CW310, 3<!>7 / ' 
According to Intmatioaal Patent Classificatioii (IPG) or to both national classification and IPC 



& FIEL.DS SEARCHED 



Minimum documentation searched (classiilcatioa system followed by classification symbols) 
• U.S. : ' '250/310,307, an; ' ' •"■// I '''' ■ 



Documcntadoh seardhed other thjm.minmuiii ddcumentatioh to the extent thatiuch documents; are included in the fields searched : 

• NONE- • ■ ' ■ 'J • ..: 



Electipnic .dato base consulted during the uiteraational search (name of data base and, where practicable, search terms used) 
■ U.S-.PTO APS.v-/ '-^-. ^' ■=:^■}^^;V■■>rVf^V^■•.^^^^^ 



C. DOCUMENTS CONSIDERED TO BlB RELEVANT 



Category* 



Citation of document, with indi«»tib passages 



Relevant tr>. claim No. 



4^63823 A^^ AL.>fl6 OCTOBER 19^^^ 

Nol£^ entire documeM^ 

US 4,954,705 A (BRI^^ (hCsEPTEMBER 1990 

(04;p9.9(0v j^te 

US 4,933,552 A (LEE) 12 JUNE 1990 (12.06.90), Note entire 
document. 



1-69 



1-69 



1-69 



I I Further documents are listed in the continuation of Box C. [ | See patent family annex. 



.p. 



special categories of cited docum«Bti: 

document dielining the general ttaCe of the art wfajch is not coneidered 
to be of partieules- relevence 

etfUer document fmblished ob or after the international filing date 

document which may throw doubti on priority claim (>) or which is 
cited to establish the publicstion data of another citation or other 
special reason (as specified) 

document referring to en oral disclosure, use, exhibition or other 
means 

doetmont published prior to the intemationai filing date but later than 
the priori^ date claimed . 



later document published after the interaational filing date or priori^ 
date end not in conflict with the application but cited lo understand - 
the principle or theory underlying the inventipn 

dbeumeni of particular relevance; (he claimed invention cannot be 
epttsidared novel or cannot be considered lo involve an iiiventive step 
when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
oonsidered to involve an inventive step when tlie document is 
-combined with one or. more other such documeiits, such combination 
being obvious to a person skilled in the art 

document member of the same patent family. 



Date of the actual completion of the international search 
14 DECEMBER 1998 



Date of mailing of the international search report 

2 8 JAN 1999 



Name and mailing address of the ISAAJS 
Conunxasioner of Patents and Tradetnsfks 

Box per 

Waahtngton, D.C. 20231 
Facsimile No. 



(703) 305-3230 



Ai^orized officer 

JP^^Ibruce ande: 

Telephone No. (703)v3t)8-4851 




Pnrm PCT/lSA/210 (mmH sheet^Uulv 1992^^ 



r 




DEPATIS 



DRUCKAUFTRAG 




Druckau £ t rags - Id : 



Benutzer : 



Dnixcker : 



Anf orderer : 



821 

uwschlem 
gdHO532 0 
uwschlem 



Gesamtkosten : 



Datum : 



06.06.2003 15:28 



DEPATIS 



BUNDESREPUBLIK ® Pate ntsch rift 

DEUTSCHLAND ^ QE 3722518 C I 




DEUTSCHES 
PATENTAWIT. 



tAktenzeichen: 
Anmeidetag: 
@ Offenlegungstag: 
@ Veroffentlichungstag 
der Patenterteilung: 



P37 22 518^-14. 
8. 7.87 



26. 1.89 



@) Int. CI. ^: 

B 23 Q 23/00 

B23Q 11/U 
B23Q 17/22 
G01 B 21/00 



Innerhalb von 3 Monaten nach VeroffentHchung der Erteilung kaon Einspruch erhoben warden 



@ Patentinhaber: 

O. DSrrles GmbH, 5160 pQren, DE 

@ Vertreter: 

Zahn, R„ Dipl.-Ing., Pat,-Anw., 7500 Kadsruhe 



@ Erflnder: 

• Lenz; Maris JQrgen, Dipl.-jng., 5163 Landerwehe, DE 

@ Fur die Beurteilung der Patentfahigkeit 
In Betracht gezogene Druckschriften: 



DE-AS 
CH 



1218 251: 
5 24 431 



m 

CM 
CO 

uj 
D 



@ Mit einerTernperaturausgleichsemrichtung versehene MeSeinrichtung fuf Werkzeugmaschlnen 

Bei einer aus eihem MeBkbpf und einem Referenz-MalS- 
stab bestehenden Mel^einrichtung zur Dtrekterfassung von 
insbesondere tfnearen Werkstuckma&eh zur Anwendung bei 
Werkzeugmaschinen fur die spanende Formung von Werk- ; 
. stucken, wie z. B. Serikrechtdrehrnaschinen, mit einem das . . 
Werkstuck haJtenden, relativ zum Werkstdck linear verstell- ' 
' baren Support uhd efnem relativ zum WerkstOck ortsfesteri! 

SuppbrtrTrager/ist zur Kompensatibn von durch Anderun-; 
. gen der Umgebuiigstemperatur bedingten Abweichungen 
zwischen der Werkzeugmaschine und deim Werkstujck eU . 
nerseits und der Me&eihrichtung andererseits letztere mit 
einerTemperaturausgleichseinheit gekoppelt. Die Tempera*: 
turausgleichseinheit ist durch einen die Arbeltstemperatur 
der Mefieinheit regelnderi, an diesen angekbppelten War- 
■ meaustauscher realisiert. ^ . 

I pamit ist es moglich, durch And^rurig der. Umgebungstem- 
' peratiir auftretende Differenzen zwischen den MaSverkor- 
) perungen am MeKkopf der MeHeinrichtung einerseits und 
an der Werkzeugmaschine bzw. ani Werkstuck andererseits 
drrekt zu kompensieren, um jederzeit exakte und dem Justa- 
gezustand der Werkzeugmaschine entsprechende reprodu- 
zierbare Mefiergebnisse zu erhalten. 
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Patentanspruche ' . MeBeinrichtiingen d gattungsgemaBen Art finden 

: : - ; . aufgiimd ilirer Ziiverlassigkeit lind M 

1. Aus einem MeBkopf und einem Referenz-MaB- nehmeiid Verwehdung, und zwar vorzugsweise in Form 
stab bestehende MeBeinrichtung zur Direkterfas- digital arbeitender LangenmeBsysteme. Diese Laiigen- 
sung von insbesohdere linearen WerkstiickmaBen 5 meBsysteme bestehed aus einem Referenz-MaBstab^ 

. zur Anwendung. bei Werkzeugmaschinen fiir die nera MeBkopf md einem Detektor. Der Referenz-MaB- 

spanende Formung von Werkstiicken; z-B. 'Senk- stab dient dabei als eigentliches MaB- oder Abstands- 

rechtdrehmaschinen, mit einem das Werkzeug hal- npirnial, langs. dem der MeBkopf laewegt wird, urn daS 

tenden, relativ ziim WerlKtucfc lineal^y jeweils aktuelle AbstandsmaB abzulesen bzw. abzuta- 

Support und einem relativ zuni W^rlbtock brtsfe- ^ 1^ sten iind an den Detektor a^^ Dieser ihterpo-. 

sten Support-Trager, wobei ziu* Kompensation von liert das vom MeBkopf erfaBte Signal imd setzt dieses 

diirch Ariderungen der Umgebungstemperatur Signal in eiri MeB- oder Kontrollsignal lun, das dann 

zwischen der Werkzeugmaschine und dem Werkr entsprechend (digital) yerarbeitet wird. 

stuck einerseits und der MeBeinrichtung anderer- Es ist allgemein bekann^ daB jede Messuhg mit soge- 

seits bedingten MeBfehlern di^ MeBeinrichtung mit. 15 nanriten MeBf ehlern behaiftet ist Diese MeBfehler ent-. 

einer Temperaturiusglieichseinheit gekoppelt isl^ stehen durch UnvoUkommenhieit der MeBeinrich^tung 

die diirch einen die Arbeitstempei'JLtur der Me^^^ atisichjdurchEihwirkungiinsbesondereBediienungsfeh- 

richtung regelhdeh, an diese angekojppelten War- ler der Bedienungsperson und auchdurch 

metauscherrealisieft iisi dadunA^ UmgebuHg. Wahrend die beidien erstgenarinteii Fehler- 
daJ3 der Warmetauscher ein von emeni Warmetra- 20 queUen im aUgemeineri leicht erkennbar und damit 

gennediumi insbesondere Ol, durchstromter kanal- • , leicht eliminierbar sind,.haben die Einfliisse der Umge- 
ihnlichejr Hohlraum (20) des Support-Tragers: (4) . - bung eine iin allgemeinen riur schwer erfaBbare Ursa- 

istund /-l.. . che iind sie siiid demzufolge aiichnur schwerUch^d 

,daB eine Waiid dieses ilbhli^ Befesti- nierban IDies gilt gan2 bespnders im Hinblick auf Sto- 

gungswand (21) fur den MaBstab (16) der MeBein^ 25 riingen des sogenanhten thermischen Gieichgewichts 

richtxmg(15) ist zwischen z. B. der Werkzeugmaschine urid der M^ 

2. Aus eineiii MeBkopf und einem Referenz^MaB- richtuiig an dieser Werkzeugmaschine, und.zwar insbe- 
stab bestehende MeBeinrichtung zur Direkterfas- sondere dann, wenn an dieser als in sich geschlossenes 
sung von insbesondere linearen WerksitiickmaBen System zu beirachtenden Konfiguration sogenaniite 
zur Anwendung bei Werkzeugmaschinen fiir die 30 temperatursensible Werkstoffe.beteiligt sind \ 

- spanende Fonnurig von Werkstiicken,- z. B. Senk- iBei der Inbetriebnahme einer M?ischihe werden die 

rechtdrehmMchinen, nn't eiiae Bearbeitimgsachsen der Werkzeugmaschine heutzuta- 

tenden, relativ zuni Werkstiick DnearVefstellbaren ge zunieist mit Hilfe eines Laser-Interferometers, ver- 

Support und einem relativ zum Werkstiick ortsfe- messen und gegebehenf alls korrigiert 

sten Supjport-Trager, wobei zur Kompensation von 35 Die damit hergestellte Genauigkeit gilt fur die zum 

- durch Anderungen der Umgebungstemperatur Zeitpunkt^derVermessungvorhandeneMeBsystemtem- 

zwischen der Werkzeugmaschine und dem Werk- peratur: Andert sich im Laufe des nachfolgenden Be- 

Stiick einerseits und der MeBeinrichtung anderer- triebs diese Temperatur, so verandert sich auch die Lan- 

seits bedingten MeBfehlern die MeBeinrichtung mit ge des MeBsystems und die Genauigkeit des Gesamtsy- 

:,. einer Temperaturausgleichseinheit gekoppelt ist, 40 stems verschlechtert sich. . 

die diirch einen die Arbeitstemperatur der MeBem- Es ^bt prinzipiell zwei EinfluBquellen fiir eine Tem- 

richtung regekiden, an diese angekoppelten War- peraturveranderung: 

metauscher realisiert ist, dadurch gekennzeichnet, , Zuiii einen kann sich die Umgebungstemperatur an- 

daB der Warmetauscher ein von einem Warmetra^ dern, und daruber hinaus kann sich auch die Maschinen- 

germedium, insbesondere Ol, durchstromtes Rohr 45 temperatur andem. Beide Einfliisse koimeri auch kumu- 

(Vierkantrohr 25) ist, das thermisch mit dem MiaB- lativ atiftreten. Die Umgebungstemperatur ware durch 

stab (16) der MeBeinrichtung (15) gekoppelt ist entsprechende Klimatisieruhg zu egalisieren, was je- 

3. MeBeinrichtung nach Anspruch2, dadiirch ge- doch eiiie unrealistische Forde^^^ 

kennzeichnet, daB das Rohr (25) thermisch isbliert iDie Kbnstanthaiturig der MascWhentenaperatur bei 

am Support-Trager (4)iixiert ist inid daB am Ober- ^0 untersctiiedlichen Betiiebsbedingungeh ist demgegen- 

gang voni Rohr (25) zum MaBstab (16) derMeBein- fiber, einfacher zu reailisieren. 

richtung (15) ein Streifen aus gut warmeleitendein Im Rahmen der sogenannten okologischen MeBtech- 

Metall eiiigelegt ist nik wird aiich die rechnerische Beriicksichtigung von 

4. MeBeinrichtung nach einem der AnsprQche 1 bis * Umweltemflusseh angewaiidt Dies erfordert jedoch 
3, dadurch gekennzeichnat, dafi am Obergang zwi- 55 umfangreiche Vprarbeiten, da letztlich eine Vielzahl von 
schen MaBstab (16) und Warmetauscher (20 bzw- MeBreiheri fiir jeweils spezifische R^ 

25) ein Thermof iihier eingesetzt ist. ermittelt werden miisseft. Diese MeBreihen stehen dann 

als Systemparameter zur VerJFugung und erlaiiben eine 

Beschreibung Umrechnung akueller MeBergebriisse auf einen soge-. 

■ 60 ninnten Normalzustan'd 

Die Erfindung bezieht sich auf erne aus einem MeB- Nach dem Stand der Technik (DE-AS 12 18 251 und 

kopf und eiiiem Referenz-MaBstab bestehende MeBem- CH-PS 5 24 431) sind grundsatziich Werkzeugmaschi- 

richtung zur Direkterf assung von insbesondere linearen nen bekannt, bei denen ziu- Konstanthaltung der Tem- 

WerkstuckmaBen zur Anwendung bei Werkzeugma- peraturdifferenzen zwischen den einzelnen Maschinen- 

schinen mit einer Temperaturausgleichseinheit zur 65 teilen und damit zur Kompensation von temp eraturbe- 

Kompensation von durch Anderungen der Umgebungs- dingten MaBuhgehauigkeiten am Werkstuck den Werk- 

temperatur bedingten MeBfehlern nach dem Oberbe- zeugmaschinen Warmetauscher zugeordnet sind. Uber 

griff des Patentanspruchs 1. . das durch den Warmetauscher flieBende Warmetau- 
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scher-Medium wird die jeweilige Temperatur am zuge- 
horigen Maschinenteil beeinfluBt 

Der apparative Aufwand ist hierbei sehr groB, da alle 
Maschinenteile, die die MaBgenauigkeit der Werkstiik- 
ke beeinflussen, je fur sich uber einen eigenen Warme- 
tauscher-Kreislauf von einem Referenz-Maschinenteil 
ausgehend geregelt werden (DE-AS 12 18 251) oder alle 
Maschinenteile fiber einen zwar gemeinsamen, jedoch 
sehr komplexen Kreislauf mit unterschiedlichen Boh- 
rungen und Zu- und Rflckleitungeii geregelt werden 
(CH-PS5 24 431). . 

Ausgehend von diesem Stand der Technik besteht die 
. der Erfindung zugrunde liegende . Aufgabe darin, euie 
MeBeinrichtung der gattungsgemSBen Art zu schaffen. 
bei der ein Warmetauscher fur die MeBeinrichtung niit 
relativ geringem apparativem Aufwand urid unter Aiis- 
nutzung der konstruktiven Gegebenheiten der Werk- 
zeugmaschine in das Gesamtsystem integriert werden 
kann, und somit ein? optimalje thermische Kp 
zwischen dem Warnietauscher und der MeBeinrichtung 
geschaffenwird. - , ■ 

Diese Aufgabe wird in Verbindung mit den Oberbe- 
griffsmerkmalen erfindungsgemSB dadurch gelos^ daB 
der Warmetauscher ein von einem Warmetragermedi- 
um, insbesondere Ol, durchstromter ; kanalahnlicher 
Hohlraum des Support-Tragers ist und daB eine Wand 
dieses Hohlraums Befestigungswand fQr den MaBstab 
der MeBeinrichtung ist (Anspruch 1), oder daB der War- 
metauscher ein von einem Warmetragermedium, ihsbe- 
sondere Ol, durchstromtes Rohr (Vierkantrphf) isi; das 
thermisch mit dem MaBstab der MeBeinrichtung gelcbp- 
pelt ist (Anspruch 2). . ; vi. 

Dank der erfmdungsgemaBen Ausbildung kdmien 
nach der Justage, und zwar z. B. aufgrund von Anderun- 
gen der Umgebungslufttemperatur, auftretend^ Diffe- 
renzen zwischen den sogeriannteri MaBverkorperungen 
im MeBkopf der MeBemrichtuhg einbrseits und an der 
Werkzeugmaschine bzw. am Werkstflck mdererseits di- 
rekt kompensiert werdisn, um jederzleit exakte, und re- 
produzierbare MeBergebnisse zu erhalten. 

In der Praxis bewirken nSmlich Andeningen deir aiu- 
Beren EinfluBgroBen wie Umgebungslufttemperatur, 
Temperaturstrahlung aus der Umgebung und der Tem- 
peratur des Maschinenkorpers an der Befestigungsstel- 
le des MeBkopf es der MeBeinrichtung auch Verander 
rungen der Eigentemperatur der MeBeinrichtung xmd 
damit disrer MaBverkorperting im VerhSltnis zum Justa- 
gezustand, d. h. zu den MeBbefiingungen am Ende ider 
Justierungsarbeiten, so daB das thermische Gleichge- 
wicht des Gesamtsystems gestort ist Nlit der Erfindung 
wird diesen Veranderungen unmittelbar und in kbn- 
struktiv einfacher Weise Rechnung getragen, und zwar 
insofern, als temperaturbedingte Abweichuhgen zwi- 
schen der MeBeinrichtung an sich und der Werkzeiig^ 
maschine mit dem Werkstuck kompehsiert werdiea 

Weiterbildungen der Erfindung sind Gegenstand der 
Unteranspriiche 3 und 4. 

Die Erfindung wird im folgenden anhand von in der 
. Zeichnung schematisch dargestellten Ausfuhrungsbei- 
spielen erlautert Es zeigt 

Fig. 1 eine Zweitstander-Karusseldrehmaschine als 
Anwendungsbeispiel fiir die MeBeinrichtung, 

Fig. 2 ein erstes Ausfiihrungsbeispiel der Realisierung 
derTemperaturausgleichseinrichtung, 

Fig. 3 ein zweites Ausfiihrungsbeispiel der Realisie- 
rung der Temperaturausgleichseinrichtung, 

Fig. 4 die Temperaturausgleichseinrichtung gem&B 
dem Ausf uhrungsbeispiel nach Fig, 3 im Detail. 



In Fig. 1 ist eine Senkrecht- (bzw. Karussel-) Drehma- 
schine dargestellt Hierbei handelt es sich um eine 
Werkzeugmaschine zur spanabhebenden Bearbeitung 
von meist groBeren scheiben- oder ringformigen Werk- 

5 stiicken 1. Diese werden auf einer horizontal angeord- 
neten Planscheibe 2 justiert und mittels (u. U. mehrerer) 
sogenannter DrehmeiBel 3 bearbeitet, die an Werk- 
zeugtrSgern (Support) 5, die wiederum an einem als 
Supporj-Trager 4 ausgebildeten Querbalken angeord- 

10 net sind, fixiert sind Diese Supporte 5 und mit ihnen die 

. DrehmeiBel 3 konnen mittels einer Programmsteuerung 
positioniert (und so lange nachgestellt) werden, bis das 
Werkstuck 1 die gewunschte (prbgrammierte) Form hat 
Die Positioniergenauigkeit der DrehmeiBel bestimmt 

15 letztUch die MeBgenauigkeit des fertigen Werkstucks. 
Dieser Positioniergenauigkeit muB somit erhohtes Au- 
genmerk zugewahdt werden, was bezogen auf die vor- 
liegende Erfindung bedeutet, daB temperaturbedingte 
pifferenzen zwischen der Drehmaschine mit dem 

20 Werkstuck einerseits und der (Weg-) MeBeinrichtung 
fQr die Supportbewegung andererseits vermieden wer- 
. denmussen; ' ; - 

Fig. 2 zeigt einen 'Xusschhitt der SenkrechtrDrehma- 
schine nach Fig. 1 , und zwar einen Ausschnitt entspr e- 

25 chend einer Seitenansicht auf diese Werkzeugmaschine. 
Der Support-Trager 4 (Querbalken) ist geschnitten 
dargestellt Er ist wahrend der Bearbeitung eines Werk- 

. stiicks ortsfest am Stander bzw. an den Standern der 
Karusseldrehmaschine fixiert Der Support-Trager 4 hat 

30 einen etwa rechteckigen Querschnitt urid dient als Fuh- 
rungsschlitten fiir den Support 5. Dieser Support 5 und 
V der Support-Trager 4 weisen ein nach Art einer Nut- 
/Feder- Verbindung 10/11 zueinander komplementar 
ausgebildetes Piaar von Ffihrungsniiten am Support- 

35 Trager 4 und zwei in diese Fuhrungsnuten eingreif ende 
Fiihrungsschierien am Support 5 auf. Dieser kann somit 
z. B. mittels eines Spindeltriebs oder eines Schnecken- 

- triebs 12 (senkrecht zur Zeicfaeneberie) langs des Sup- 
^ poit-Tragers 4 verfahren bzw. positioniert werden. Mit 

4d dem Support 5 ist der DrehmeiBel 3 feist verbunden, so 
daB mit der Positibnierurig des Support 5 aiich der 

. DrehmeiBel 3 positioniert wiird und bestimmungsgemaB 
/ das Werkstuck spanabheberid geformt werden kann. 
i Wie erwahnt, wird der Support 5 mit deiri DrehmeiBel 

45: 3 mittels eines Linearantriebs langs der durch die ge- 
riannte Nut-/Feder- Verbindung 10/11 realisierten Fxih- 
rung bewegt. Zur Messung der jeweiligen Relativbewe- 
gung zwischen Support-TrSger 4 und Support 5, d.h. 
zur Messung der zuruckgelegten Wegstrecke und damit 

50 des Vorschubs des DrehmeiBels bzw. zur Messung der 
Abmessungen des Werkstucks ist in einem Bereich zwi- 
schen Support 5 und Support-Trager 4 eine beruhrungs- 
los arbeitende MeBeinrichtung 15 eingefiigt, die aus ei- 
nem fest mit dem Support-Trager 4 verbundenen Refe- 

55 reriz-MaBstab 16 und eiiiem am Support 5 selbst ange- 
brachteri MeBkopf 17 besteht Der MeBkopf 17 und der 
Referenz-MaBstab 16 liegeri dabei einander gegenuber, 
so daB iiber den MeBkopf 17 der Referenz-MaBstab 16 
"abgelesen" werden kann. 

60 Der Referenz-MaBstab 16 kann z. B. eiri Stab aus ma- 
gnetisierbarem Werkstoff sein, auf den eine gleichmaBi- 
ge Teilung von z. B: 0,2 mm aufmagnetisiert ist Mit der 
Relativbewegung zwischen. dem MeBkopf 17 und die- 
sem MaBstab 16 kann dann Qber die Sinus-Charakteri- 

65 stiken der Induktiv-Widerstandsanderung die genannte 
Teilung aufgenommen und in ein elektrisches Signal 
umgewandelt werden. Die MeBgenauigkeit betragt da- 
'. bei 0,001 mm, und es ist leicht einzusehen, daB schon 
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geringe temp^ratiirbedingte Abw ^5 sifr^^ 

den Teilen der MeBeinricMimg und der Wer^ Umgebuni^temperaturett an der Dre^ 

schinebzw.dem WerkstuckdieseMe6igenaiugkeit.be- Werkstflck -'ent^rechend teim^ 
eintrachtigen konnen. / \. ^ , ; 

.Konstrukidv betrachtet ist der Re^^^^ 5 vorUegeh(PfeU 1^ ^ v ^ ^ ' \ 

eine langs des Support-Tragers 4 angeordnete "MeBIat- DieDetails des Ausfuluxmgsbeispiels .nichFig, 3 

te" relativ 2U der der MeBkopf 17 bewegt wkd; der den anhand von Rg. 4 erlautert ^^-^^^^ ' > 

.MeBkopf .i7'Tiest^ die*TS4aBskd^^^ - " DerM^^ 

. stab l&ab todgibt sie zur W . : Support-Tragers 4 fixiert, und. zwar in einem gewissen 

Detektbr undeihe (digitate) Weitei^^ lb Abstand zu 'dessert Unterseite. In die^^^ 

abi £)er KleBkopf 17 ist mit dem Support S fest verbun- hen rechtecldgen Freirauin istdas^^^^^ 25 ein- 

• . den und relativ zum ReiPerenz-MaBstab 16 so justier^ jg&etzt, mid" zwar thenniscfr i^^ dem 

daB beide Elemente der MeBeinrichtung 15 funktiohell Suppbrt-Trager 4 iind dessen abstehencier Bef esti- 

aufeinanderabgestinmitsiiy.^''^^;: V ' -gungskbnsole 22: Gegendie Befestigra 

r WieVeiriganfes^ is das Vierkantrohr 25:mitteIs eines 

Umgebungstempbratur to^^ isoUert; gegen deh Support^T^^^ 

ander Maschirie und i^^ " Vierkantroiu'. 25 

' der iyfei3eihrichtuhg ander^tseits iihd djum Differenzen ; • vorgesparint^s Mbosgiunm^a^ 

: iiiiMeBsignal^^^^^ \' ■r"^\:f:''::- -' Memln^ 

. : ' Ziir Kompenkation defartiger MeBfehler i$t die MeB- 20 ren des Vierkantrohres 25 an dier Befestigungskonsole 

' einrichtung 15 tliermisch an eiiie Temperaturausgieich- 22 dient Damit liegt das Vierkantrohr: 25 fest un Frei- 

seinheit angekoppelV die Abweichurigen des tiiermi- raum zwiscEen MaBstab i6 und Support-TrSger 4. Zwi- 

scheh Gleichgewichts zwischen def Maschirie'^^^^ - scheh A^erkantrohr25 undMaBstabl^ 

Werkkiibfc einerseits iind der NI^Beiibfichtung: anderet- rung des Warmeiibergangs ehi Streif en 33; aus gut \^rar- 

^eits. ausgleicht. Im AusftihrungSbeispiernach Fi^. 2 ist 25 meleitend^m. Metalt;z. B; ein Kupferstreifen, eingelegt, 

der MaBstab 16 an eiiiem Imgs des Support-Tragers 4 der ziisatafch n^ Ije- 

Vorgesehenein kanalaiiniichen tiohlr befestigt, ; scidchtet seiii karmi ^^^^ - i ;; r : r ^ 

der von eine?a Wajrtnetragerinedixnn, insb Ol, Daruber hinaus kann zwischen dem yierkantrohr 25 
diirchstromt wird. bieser Hohkaiim 20^^ 

ger kanal eihTeil des Support-Tragera^ 16 noch ein thermofuWer 34 emgesetzt werden, der zur 

;:;dies^^^^ dabei Befestiguhgswand ,21 Mr den : 

"MaBista diient ~ ; ; ^ :;;:-icu^^^ .,,.c,yK\,. 

demMeBlii5pfi7gegenubd-; v; y. -^ . : • -^Die Art undWeise des Einba^^^ 

In der Praxis ist die Wirkungsweise dieses Hohlraimis: ist selbstverstandlich von den spezifischen konstrukti- 

20 b2W. des Warmeiibertragungsm^ 35 ven Bedingungen im HinbHck auf deh M 

sen Warmemhait, d h. temperatur, so gewaiilt bzw. so / den Slipport-Trager 4 abhangig; Global betrachtet 

" "\ . geregelt (X) wird, daB die vorgenaiinten Differenzen kommt es bei der vorliegenden Erfindung darauf aiii am 

. zwischen Maschine und MeBeinrichtung 15 kbmpeir- MeBkbpf 17 bzw. an der MeBeinrichtung 15 moghchst 

' siett werdeh. Zu diesem Zweck ist mit der Drehmaschi- verzogeningsfrei eine Arbeitstemperatur emzusteUen, 

ne und dem Werkstuck ein Thermbfuhier verbunden, 40 die der Umgebungstemperatur def ubrigen Teile des 

der bei, Anderung der Umgebungstemperatur die Tern- - Gesamtsystem^ und zwar ohne daB khmati- 

peratur des Wannfeubertragungsraediimis entsiprechend ' sierte Rauine oder aufwendige Vorarbeiten zur Gewm- 

einregelt. Damit ist — bezogen auf das Gesamtsystem nung von.Korrekturfaktoreh erforderlichsijid ^ 

Drehmaschine — die Umgebungstemperatur der MeB- Die Erfiiidung wde vbrstehend am Beispiel em^^ 

einrichtung praktisch verzogerungsfrei als wahre, dem 45 Karusseldrehmaschine offenbart Seftstverstandhch 1st 

Gesamtsystem entsprechende Umgebungstemperatur die Erfindung jedoch nicht auf dieses Anwendungsge- 

simulierbar, , biet beschrankt, sondem wird immer dann von groBem 

In iFig.3ist einzweitesAusfuIinjngs^^^ Nutzeri seih, wenn Abweichungen der MeBergebnisse 

; peraturausglek:iiseinheitdargestellt ^ . auf grtmd von UnterscMieden der Unigebungstempera- 

Die GrtmdkonfigtiratWn Supi^ort-Trag^^^ turen ah der Maschine einerseits iind m de^ 

und DrehmeiBel 3 entspricht der liach" Fig. 2. Auch hier richtung todererseits koihpensiertwerdm mussen. 

sind Suppbrt-Triger 4 und Support^^^^S^^ — . " " " ; — 

/Feder-yerbindung 10/11 mitem^ Hierzu2BlattZeichilungen 

daB der Support 5 mit deria DreiuneiBel 3 langs des . ■ ' ■ " 

Supp6rt-Tragers4veifaHreriwerde^^ 55 

pie Bef iihrcuigslos arbeitehde ^4?efie^n^ 

steht wiedernm aus ieinem MkBsi^b 16, der an einer am . .^^ 

Support-Trager 4 vorgesehenen ' Befestigungskonsole " 
22 befestigt ist, und aiis eihem am Support 5 fixierteh 

MeBkopf 17 (pder Reflexionsschiene). Bis hierher ent- 60 
sprecheri sich in etwa die Koiistniktionen gemsLQ Fig. 2 
•undFig.3J' 

Bei dem AusfuhrimgsbeispieL gemaB Fig. 3 ist die 
Temperaturausgleichseinheit jedoch ein vom Warme- 
tragermedium, z. B; Ol, durchstromtes Vierkant-Rohr 65 
25, das in den Freiraum zwischen Befestigungskonsole 
22^ Support-Trager 4 urid Mafistab 16 eingefugt ist Ana- 
log zur Beschreibung zu Fig. 2 wiird das durch dieses - > 
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